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Abstract Mutations of the B-type endothelin receptor (ETRB) 
gene have been found to cause defects in the development of 
enteric neurons, which resulted in aganglionic megacolon in 
rodents and humans. To determine the distribution of ETRB 
mRNA during neural development, mainly in the CNS, in situ 
hybridization was applied at various developmental stages of rat. 
ETRB gene was abundantly expressed prenatally in the 
ventricular and subventricular zones, as well as postnatally in 
the ependymal and subependymal cells. ETRB mRNA was also 
strongly detected prenatally in the dorsal root ganglia, as well as 
postnatally in the cerebellar Bergmann glial cells and epithelial 
cells of choroid plexus. Our data suggest that ETRB acts as a 
regulator in the differentiation, proliferation, or migration of 
neural cells during development. 
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1. Introduction 
Endothelins (ETs), including ET1, ET2, and ET3, were 
originally characterized as potent vasoactive peptides secreted 
by vasoactive endothelial cells [1,2]. Two types of ET receptor 
cDNAs have been cloned and both belong to the superfamily 
of G protein-coupled heptahelical receptors [3-5]. The B-type 
endothelin receptor (ETRB) exhibited equal affinity for the 
three endothelin isopeptides [4]. ETRB mRNA was widely 
distributed, with a prominent expression in the adult central 
nervous system (CNS) [4,6,7]. 
Recent evidence indicated that the function of ETRB was 
important for neural development. Mutations in the ETRB 
gene produced congenital aganglionic megacolon associated 
with pigment abnormalities in rodents and humans, which 
was due to defects in the development of two neural crest-
derived cell lineages to enteric neurons and epidermal mela-
nocytes [8-12]. In addition, it was found that selective induc-
tion of ETRB mRNA was associated with the differentiation 
of an embryonic cell line to neural lineage [13]. 
To elucidate the physiological role of ETRB during neural 
development, one of the useful steps is to determine its dis-
tribution in the nervous system at various developmental 
stages. In this report, using in situ hybridization, we found 
that the ETRB gene was most abundantly expressed in the 
developing nervous system, such as the ventricular and sub-
ventricular zones, further supporting that the function of 
ETRB is important for neural development. 
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2. Materials and methods 
2.1. Animal preparation 
Sprague-Dawley rats were used, including day 10-18 embryos 
(E10-E18) from pregnant females, postnatal day 2-15 pups (P2-
P15), and adult males (>2 months). Animals were anesthetized 
with halothane and decapitated. Whole embryos from uterus, as 
well as tissues from pup and adult rats, were quickly submerged in 
dry ice powder and frozen at —80°C before use. 
2.2. Synthesis of riboprobes 
A 0.6 kbp EcoRI fragment of rat ETRB cDNA [7], containing the 
seventh transmembrane domain to the polyA tail of the 3' non-coding 
region, was subcloned into SK+ vector in the sense orientation. In the 
presence of [a-3oS]UTP, antisense and sense cRNA probes were made 
from plasmids linearized with BamHI and Hindlll, followed by in 
vitro transcription with T7 and T3 RNA polymerases respectively. 
2.3. In situ hybridization (ISH) 
Large sizes of frozen samples were sectioned directly by cryostat, 
while small sizes of frozen samples were embedded in OCT compound 
before sectioning. Sections of 10 um were mounted onto pre-treated 
slides, air-dried, and fixed with 3% formaldehyde in DEPC-treated 
phosphate-buffered saline (0.15 M NaCl, 0.01 M sodium phosphate 
[pH 7.4]) for 15 min. The following steps were exactly the same as 
described previously [14]. Neuroanatomy was identified according to 
Paxinos et al. [15,16]. 
3. Results 
3.1. General distribution of ETRB mRNA in rat nervous system 
The distribution of ETRB mRNA in the rat nervous sys-
tem, including embryonic (E12-E18), early postnatal (P2-P15) 
and adult stages, was examined by ISH using the antisense 
riboprobe. The sense riboprobe giving background signal was 
used as negative control. In the developing CNS, the ETRB 
gene was abundantly expressed in cells lining the central canal 
of spinal cord and ventricles, including the aqueduct of Syl-
vius, the 3rd and the 4th ventricles, but not the lateral ven-
tricle (Fig. 1). In the peripheral nervous system (PNS), ETRB 
signal was concentrated in the developing dorsal root ganglia 
(Fig. 1), which will form clusters of sensory neurons. The 
ETRB gene was also expressed in other regions of the PNS; 
however, this is not described here. 
In adult rat brain, ETRB mRNA was greatly distributed 
not only in cells lining the ventricles, including the lateral, the 
3rd and the 4th ventricles, but also within the ventricles (Fig. 
2A,C). In addition, ETRB mRNA was strongly detected in 
the cerebellum (Fig. 2C). When compared with negative 
control of ISH in the hippocampus, the ETRB signal was 
weakly but significantly detected in the stratum lacunosum 
moleculare (Fig. 2B); however, it was at background level 
in regions with high cell density, such as the dentate granule 
cell layer and CA1 pyramidal cell layer (Fig. 2C,D). Other 
brain areas showed weak but significant expression, including 
midbrain, brain stem, and olfactory bulb (Fig. 2C,D). Re-
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Fig. 1. Distribution of ETRB mRNA in rat embryo. X-ray film autoradiograms of sagittal sections after ISH with antisense (A, C, E, G) and 
sense (B, D, F) cRNA probes. A and B: at E13. C and D: at E14. E and F : at E15. G: at E18. Aq, aqueduct of Sylvius; CC, the central ca-
nal of the spinal cord; G, a dorsal root ganglion; 3V, 3rd ventricle; 4V, 4th ventricle; LV, lateral ventricle. Scale bar: A and B, 2.0 mm; C-F, 
2.3 mm; G, 2.9 mm. 
gions showing a strong ETRB signal in adult brain or the 
nervous system of embryo will be further demonstrated as 
follows. 
3.2. Expression of ETRB gene in cells lining the ventricles 
During the differentiation of the walls of the neural tube, 
ETRB mRNA was most strongly detected in the ventricular 
and subventricular zones (Fig. 3A,E). The ventricular zone 
contains cells in a single layer immediately lining the ven-
tricles, whereas the subventricular zone is in multiple cell 
layers surrounding the ventricular zone. Around E13, the sub-
ventricular zone was extremely thick and compacted with 
cells, in which ETRB mRNA was distributed in the inner 
layers but was little detected in the outer layers (Fig. 3A,E). 
As the embryo grew, the ETRB signal remained in the sub-
ventricular zone, which was thinner at El6 than it was at El3 
(Fig. 3B,F). Just before birth, ETRB mRNA was localized in 
the ependymal cells (Fig. 3C,G), which belong to a type of 
glia and are derived from the ventricular cells [17]. In addition 
to the ependyma, ETRB mRNA was concentrated in the sub-
ependyma of certain regions surrounding the adult lateral 
ventricle (Fig. 3D,H). 
3.3. Expression of ETRB gene in the cerebellum 
ETRB signal was scattered over the primitive cerebellum 
during development, with only a little higher density in the 
Fig. 2. Distribution of ETRB mRNA in adult rat brain. A: X-ray film autoradiogram of coronal section with antisense probe. B: Dark-field 
microscopic photograph of emulsion autoradiograms in coronal section with antisense probe. C and D: X-ray film autoradiograms of sagittal 
sections with antisense and sense probes respectively. CA1, CA1 pyramidal cells; Cb, cerebellum; g, dentate granule cells; Hp, hippocampus; 
LV, lateral ventricle; si, stratum lacunosum moleculare; 4V, 4th ventricle. Scale bar: A, 1.9 mm; B, 375 urn; C and D, 3.2 mm. 
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Fig. 3. Localization of ETRB mRNA in cells lining the ventricles during development. Dark-field (A-D) and bright-field (E-H) microscopic 
autoradiograms of sagittal sections are shown. A/E: at E13. B/F: at E16. C/G: at E18. D/H: in adulthood. E, ependyma; 4V, 4th ventricle; 
LV, lateral ventricle; SE, subependyma; SV, subventricular zone; Vz, ventricular zone; w, white matter. Scale bar: 150 um, except C/G, 75 
um. 
multiple Purkinje cell layers (Fig. 4A,E). As granule neuron 
precursors proliferated in the external germinal layer, the 
ETRB signal was found mainly in the Purkinje cell layer 
(Fig. 4B,F). Gradually, when most granule neuron precursors 
had migrated to the granular layer and the molecular layer 
had also become broader, ETRB mRNA was concentrated in 
the zigzag Purkinje cell layer (Fig. 4C,G). During the prolif-
eration and migration of granule neuron precursors, little 
ETRB mRNA was detected in the external germinal layer, 
the molecular layer, or the granular layer (Fig. 4A-QE-G). 
After completion of neuron migration, the ETRB gene was 
strongly expressed in the single Purkinje cell layer and local-
ized just beside the cell bodies of Purkinje neurons (Fig. 
4D,H). Nevertheless, a weak but significant signal was also 
present in the granular layer. Since the localizations of ETRB 
mRNA and the Bergmann glia overlap in the Purkinje cell 
layer [18], the cell type expressing ETRB is very likely to be 
Bergmann glia. 
3.4. Expression of ETRB gene in the dorsal root ganglia 
During the development of PNS, the ETRB gene was 
strongly expressed in the dorsal root ganglia (around El 3 -
E15, Fig. 1A,C,E), especially in their axon bundles toward 
visceral organs (Fig. 5A,B,D). In the developing axon bundles 
near the dorsal root ganglion at E13, ETRB mRNA was 
localized in the spindle-shaped cells, but little in the polygonal 
or rounded cells (Fig. 5D). Similar to the enteric neurons and 
epidermal melanocytes as described above, cells in the dorsal 
root ganglia are also derived from neural crest cells [18]. How-
ever, the ETRB signal in the dorsal root ganglia and their 
axon bundles gradually decreased afterwards (Fig. 1G), and 
could not be detected postnatally (Fig. 5C,F). 
Fig. 4. Localization of ETRB mRNA in the cerebellum during development. Dark-field (A-D) and bright-field (E-H) microscopic autoradio-
grams are shown. A/E: at P2 (coronal section). B/F: at P4 (coronal section). C/G: at P15 (coronal section). D and H: in adulthood (sagittal 
section). Arrowheads indicate that signal was located between the cell bodies of Purkinje neurons, eg, external germinal layer; g, granular layer; 
m, molecular layer; P, Purkinje cell layer; w, white matter. Scale bar: A/E and B/F, 150 um; C/G, 75 um; D, 375 um; H, 38 um. 
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Fig. 5. Expression of ETRB gene in the dorsal root ganglia. Dark-field (A-C) and bright-field (D-F) microscopic autoradiograms of sagittal 
sections are shown. A/D: two intact dorsal root ganglia and their axon bundles (arrow) at E15. B: axon bundles (arrow) and several incom-
plete dorsal root ganglia at El4. E: signal in the spindle-shaped cells (arrowhead) of developing axon bundles at El3. C/F: a dorsal root gan-
glion and its axon bundles at P6. AB, axon bundles; G, a dorsal root ganglion; vt, vertebra. Scale bar: A/D, 150 urn; B, 375 urn; C/F, 75 
um; E, 38 |xm. 
3.5. Expression of ETRB gene in the choroid plexus 
The choroid plexus, a capillary network extending into the 
ventricle cavity, constitutes the blood-brain barrier [18]. Cho-
roid plexus primordia were formed no later than El2, how-
ever, little ETRB signal could be detected prenatally (Fig. 
6A,B,E,F). The ETRB gene was strongly expressed postna-
tally in the choroid plexus within the lateral, the 3rd and 
the 4th ventricles (Figs. 2 and 6C,D,G,H). At the cellular 
level, ETRB mRNA was localized in the epithelial cells of 
the choroid plexus (Fig. 6C,D,G,H), which are modified epen-
dymal cells [17,18]. Consistent with previous observations [6], 
the ETRB gene was highly expressed in the glial cells of adult 
CNS, including the ependymal cells lining the ventricles, the 
epithelial cells of the choroid plexus within the ventricles, and 
the Bergmann glial cells in the cerebellar Purkinje cell layer. 
In summary, we have shown the spatiotemporal expression 
of the ETRB gene in rat nervous system. In the CNS, the 
ETRB gene was abundantly expressed in cells lining the ven-
tricles throughout life (except in the lateral ventricle, where it 
was expressed postnatally only), as well as postnatally in the 
cerebellar Bergmann glia and epithelial cells of the choroid 
plexus. In the PNS, ETRB mRNA was strongly detected in 
the dorsal root ganglia and their axon bundles at the embry-
onic stage. 
Fig. 6. Expression of the ETRB gene in the choroid plexus. Dark-field (A-D) and bright-field (E-H) microscopic autoradiograms of sagittal 
(A/E, B/F) and coronal (C/G, D/H) sections are shown. A/E: a choroid plexus primordium (cp) at E14. B/F: a longitudinal choroid plexus at 
E18. C/G: a complete choroid plexus in adulthood. D/H: part of the choroid plexus in adulthood. The arrowhead indicates the epithelial cell 
of the choroid plexus. E, ependyma; LV, lateral ventricle; 3V, 3rd ventricle; 4V, 4th ventricle. Scale bar: A/E, 375 um; B/F and C/G, 150 um; 
D/H, 75 um. 
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4. Discussion References 
We are the first to demonstrate that the ETRB gene is 
highly expressed prenatally in the ventricular and subventric-
ular zones, as well as the subependyma of adult lateral ven-
tricle. Both findings are highly significant because these areas 
contain neural stem cells, which are crucial for the formation 
of the mammalian nervous system during embryogenesis [19], 
and for neuroregeneration in adulthood [20]. These neural 
stem cells are of great value for patients with neurodegener-
ative diseases, such as Parkinson's and Alzheimer's diseases. 
Consistent with our results, a recent report indicated that 
activation of ETRB had a mitogenic effect in cultured astro-
cytes [21]. In the CNS, since ETRB mRNA was mainly local-
ized in glial cells and neural stem cells ([6], this report), it is 
likely that expression of the ETRB gene is important for the 
differentiation and proliferation of glial cells from neural stem 
cells, as well as the initiation of gliosis in adulthood after 
brain damage [22]. 
It has been found that activation of ETRB could increase 
the effectiveness of EGF to stimulate wound closure by pro-
moting cell migration [23]. Interestingly, activation of ETRB 
could also induce cytoskeletal actin reorganization in cultured 
astrocytes [24]. It is possible that ETRB plays a role in the 
activity of glia in directing neuronal migration, in addition to 
differentiation and proliferation. For example, ETRB mRNA 
was localized in the Bergmann glia. During cerebellar devel-
opment, Bergmann glias can direct granule neuron precursors 
to migrate along their long processes from the external ger-
minal layer to the granular layer. After that, Bergmann glias 
retract their long processes and become satellite cells to pro-
tect Purkinje neurons [18]. 
Taken together, it is likely that activation of ETRB can 
evoke different functions in different types of cells at different 
developmental stages, such as proliferation, differentiation 
and migration. Although only aganglionic megacolon and 
white coat color phenotypes have been found to be associated 
with ETRB mutations, the significance of abundant expres-
sion of the ETRB gene in neural stem cells reported here 
remains to be determined. 
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